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Project Introduction

Mission example scenario

Deployed at a permanently shadowed ice-harboring crater near the North
Pole of Mercury, on the sunny rim of the crater, the TransFormer unfolds
to a big reflector, and projects a warm zone around the rover, powers its
solar panels, reflects sunlight so the rover can see, acts as an antenna,
melts the ice near the rover, exposing liquid water to rover instruments

Imagine a revolutionary way to remotely control the environment surrounding
one or more roving vehicles exploring remote and unexplored areas of the

Solar System, such as the dark interiors of craters or the depths of caves on
Mars, the Moon, or Mercury. We call our solution "TransFormers" -
multifunctional platforms that can change their shape and function and can
enable new classes of in-situ planetary missions at massively reduced cost.
Unfolding to large areas, they can reflect solar energy, warming and
illuminating targets, powering solar panels, tracking movement and acting as
a telecommunications relay. Placed on the sunny rim of a permanently-
shadowed crater, or at the entrance to a cave, Transformers can be used in
conjunction with rover exploration, projecting a favorable micro-environment
into cold and dark areas. These challenging sites are particularly exciting and

{Permanently shadowed areas, cold and dark: Craters on

iMercury and the Moon (synthetic view of Shackleton), cave on Mars
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The primary benefit of a TransFormer is to make possible affordable missions Technology Areas 3

that require survival for long periods of time without direct or with limited Target Destinations 3

solar input. This way, environments without sunlight (such as craters and

caves) can use TFs located in Sun-illuminated areas outside to project energy

inside the permanently shaded areas, power solar panels, heat, illuminate,

and relay communications.
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Technology Areas
Closeout Summary: We have documented the findings of the Phase I study en
titled TransFormers for Extreme Environments. We met the goals set forth in the Primary:
proposal, and determined new opportunities, challenges, and risks for advancing
the concept, which we propose to explore further in a Phase II study. We provid e TX04 Robotic Systems
ed a general description of the TF concept and how it can assist in creating a fav - TX04.2 Mobility
orable micro-environment within a hard-to-survive-in extreme environment, foc L TX04.2.1 Below-

using on providing power and heat to rovers operating in cold, dark places on th
e Moon, Mars, and Mercury. We determined requirements for TFs from a high-le
vel analysis of four mission scenarios, and a more refined analysis of the most p
romising one, the Lunar South Pole scenario - most promising from the point of
view of applicability and timeliness. The benefits of a TF to these missions was a Ta rget Destinations
ssessed. We provided a brief evaluation of the state of the art in industry for the e Nison. MErs, Grliers Tefhe
functional areas that make subsystems of a TF, from electronics to sensing and ! !

actuation, and explored novel modalities in unfolding a large surface. We identifi the Solar System
ed the directions that are most relevant for advancing the concept.
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Mission example scenario

Deployed at a permanently shadowed ice-harboring crater near the North
Pole of Mercury, on the sunny rim of the crater, the TransFormer unfolds
to a big reflector, and projects a warm zone around the rover, powers its
solar panels, reflects sunlight so the rover can see, acts as an antenna,
melts the ice near the rover, exposing liquid water to rover instruments
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